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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a temperature 
control method making it possible to perform accurate 
heat equalizing adjustments with little error in a short 
time over an entire wafer area to be heat treated at a 
desired temperature, even without a skilled operator, and 
also enabling automation using a computer system. 
SOLUTION: The temperature control method is for 
controlling a heating device having at least two heating 
zones, so that the temperature detected at the wafer 
position attains the desired temperature. Temperatures 
are detected in positions more than the number of the 
heating zones and in at least one wafer position in each 
heating zone, and the heating device is controlled so 
that the desired temperature is within the range 
between the maximum and minimum values of the 
plurality of detected temperatures. 
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f -ffi ♦Ot^ X ATj, +acvi X ATci, +Cfcti x AT^ +aj,, x AT^ 
£2 +«t/a »Ar^ X ATtv +acta ^AT^ 

-^3 + OfiTs ATj, + act,3 X ATa; + a^, x AT^^ +a„ x AT^ 
£4 +aj,4xAri, +aCT;4'<ATctr +acx4 5«Artt+«i<xA7]. 

+ <»cf5 X AT^^ + a^as ^ ^a/ + <»cx5 ^ AT^ + a^^ x ATj 
^» +«M X ATy +acp^ X ATeir +aci4 x ATa +a„ x AT^ 
fy-i-a^xArv •«-ttar7>cArar+aa7xAra+a£7xAr^ 
i-ajTsxATcr +aCT,e><Arcir +aa« xATa +o„ x AT^ 

' B| +a,„xA7^ +ttp5^x ATc, +aaj xATq, +ar„ X AT^ 
^ -^acrxxATir +«epa«Ar«„ +aaa xAT^ x AT^ 
^3 ♦a^jxATfl. +0^^ X ATct, +0^3 ^AT^ +a„ xAT^ 
^ «4 +«cf4 '^AT^ +fl<»4 « ATo, +aa4 x AT^ ^a^^ x AT^ 
Eg +«w ^ATi, +a£^, xATo, +^05 « AT^ +a„ xAT^ 

B — 17 •^**a/8 '*"*CV *"-t<x ♦CXj^ X Alj^ 

^, +ar^„ X ATj, + a^^, x ATc, + a^, x AT^t +a„ x AT^ 
+a„xAry +aa„xAr„ +a^gxAra +o«xAri J 

+aj,ixArtf +ac8r, xATc +0^, xAT^ +a„x AT^)* 
+ fe+«irjxArjr +aa,2>«Arci, +a<^xAra +aijxAri)' 

**a3 ^ ATgj + X AT^ JT 
•l-(fi4<fa,;4xA3^ +acEf4'*Arctf+aa4HArat +ai4»«Arty 
♦ (e;, +a„, xATj, +aj^sXArci, +aa5xAra xATi)* 
+ Otr6'*^^ +aj„jXAra, -fa^x^g +a^xArtJr 
+ (E, X ATy +aer» "ATor x AT^ ■*■<*„ xATt)" 
l-CS^+c^xAZ^+aanxArc^+aatXArcs 4-aMxA2^]r 



[0 0 5 4] Wm^J ^m^NZT^K AC<D^W 
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+ ((2 '<a„)x (E3 + (a„ X ATi, )+(a«,, x ATctr )+ (ao, x AT^ )+ (a^ « ))) 
+ ((2xa„)x (£3 + (cE„ x ATff )+(ac„ x Ar«, )+ (a^j ATq. )+ x AT^ ))) 
+ ((2 X aj,^ ) X + (ay ^ X AT^ ) + (a^t^^ x ) + (ce^ x AT^ ) + (a^, x AJi ))) 
+ ((2xay,)x(E3 +(a„5x Are,)+(accr, X Arcir)+(aa3 ^^ATct )+(«« x AT^))) 
+ ((2x Qy, )x + {a^^ X AT^ )+(acer« « AT^^, )+ (oa* >^ AT^ )+ (a^, x AT^ ))) 
+ ((2xa^Jx(E7 +(aj,^xArt,)+(acv,xArcir) + (»ci7 xAra)+(aiT xATJ)) 
+ ((2 xay,)x + (a„, X AJp )+ (flf«r. ^cu )+ («a8 AT^ )+ (a^, x AT^ ))) 

- 2x{ +a^* +a^' +01^.4' +a„5^ +ai76'' +«£r7' +ain.')'<Ar,7 

+ xcz^)+(a4^g xaj^^)+(o^ xaa^)+(ay, xaaaSxATa 
♦ ftaE« xa^ ) (oi;, xa^ )+ (aj,^ xa^^^ ) 

+ («tr5 X a„ )+ (a^« X a^, )+ (a,„ xa^, )+ (a,,, xcr^, ))x AT^ 
+ x£,)+(a£,, xf ,) + (aj,3 x£,)+(aj,4 xSj 

♦ (a„x£j+(aj,,x£:J+(Dfj,^x£,)+(o^xS,)) } 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As detection temperature in a predetermined location is made into the target temperature, it is the 
temperature control approach which controls the heating apparatus which has at least two heating zones. The 
temperature control approach which there are than the number of said heating zones, and detects the 
temperature in at least one predetermined location in each heating zone, and is characterized by controlling said 
heating apparatus so that said target temperature is included between the maximum of the detection temperature 
in two or more detected predetermined locations, and the minimum value. [ more ] 
[Claim 2] In the temperature control approach according to claim 1, the 1st predetermined location 
corresponding to each zone is equipped with the 1st thermometric element. It is used for the temperature control 
approach which controls said heating apparatus to make detection temperature by said 1st thermometric element 
into the 1st target temperature. The 2nd predetermined location near [ location / 1st / predetermined ] a 
processed material is equipped with the 2nd thermometric element. When changing said 1st target temperature 
in said 1st thermometric element The interference matrix M which is a matrix of the multiplier which shows the 
degree from which the detection temperature of said 2nd thermometric element changes And the temperature 
control approach characterized by acquiring the difference PO of the 2nd [ in said 2nd thermometric element ] 
target temperature, and the detection temperature by said 2nd thermometric element, and amending said 1st 
target temperature based on these interference matrix M and an error PO. 

[Claim 3] The temperature control approach characterized by asking for new error PO' and amending said said 
1st amended target temperature further by performing temperature control using said 1st amended target 
temperature in the temperature control approach according to claim 2 using this error PO' and said interference 
matrix M. 

[Claim 4] In order to detect whenever [ by the processing room, the heating apparatus which heats the processed 
material which has at least one heating zone and was prepared in said processing interior of a room, and said 
heating apparatus / stoving temperature ] in the 1st predetermined location. The 1st detection temperature which 
was equipped with the 1st thermometric element formed in each at least one zone, and was detected by said 1st 
thermometric element. In the temperature control approach which controls said heating apparatus based on the 
1st target temperature about the 1st detection temperature this ~ And it has two or more 2nd thermometric 
elements which detect whenever [ by said heating apparatus / stoving temperature ] in the 2nd predetermined 
location near [ location / 1st / predetermined ] said processed material than the number of said heating zones, 
the 2nd detection temperature detected by said 2nd thermometric element - this - the temperature control 
approach characterized by measuring the 2nd target temperature about the 2nd detection temperature, acquiring 
the correction value of said 1st target temperature, and for said correction value amending said 1st target 
temperature, and performing temperature control. 

[Claim 5] It is the temperature control approach characterized by being carried out before the real process in 
which acquisition of said correction value actually processes a processed substrate in the temperature control 
approach according to claim 4. 

[Claim 6] A processing room and the heating apparatus which has at least two heating zones by which 
temperature control is carried out so that detection temperature in a predetermined location may be made into 
the target temperature. Two or more thermometric elements which detect the temperature in at least one 
predetermined location [ in / and / than the number of said heating zones / each heating zone ], The thermal 
treatment equipment which comes to have the control unit which controls said heating apparatus so that said 
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target temperature may be included between the maximum of two or more detection temperature depended on 
said two or more thermometric elements, and the minimxmi value. 

[Claim 7] The heating apparatus which has at least two heating zones is controlled to make detection 
temperature in a predetermined location into the target temperature. More [ are the manufacture approach of a 
semiconductor device of heat-treating to a processed substrate, and / number / of said heating zones ] And the 
manufacture approach of the semiconductor device characterized by controlling said heating apparatus so that 
the temperature in at least one predetermined location in each heating zone is detected and said target 
temperature is included between the maximums of detection temperature and the minimum values in two or 
more detected predetermined locations. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] In order that this invention may heat-treat a processed object especially about the 
manufacture approach of the temperature control approach in semiconductor fabrication machines and 
equipment etc., a thermal treatment equipment, and a semiconductor device Divide a thermal treatment 
equipment into two or more heating zones, about these two or more heating zones, actually set up target 
temperature, perform temperature control, and with the detection temperature in many processed object fields 
rather than said two or more heating zones It is related with the manufacture approach of the temperature 
control approach which amended said target temperature, a thermal treatment equipment, and a semiconductor 
device. 
[0002] 

[Description of the Prior Art] In the conventional thermal treatment equipment, when heat-treatmg a 
semiconductor wafer (substrate) as a processed object and performing membrane formation etc., varioxis 
processing temperature corresponding to classification and its manufacture processes, such as membrane 
formation which is the processing result object, is required. Therefore, temperature control of the temperature of 
the processed object when heat-treating is carried out by approach (the soak adjustment approach) which is in 
agreement with this processing temperature as much as possible. Drawing 6 is drawing showing the structure of 
the vertical mold diffiision fiimace which is typical one in such a thermal treatment equipment. The liner tube 
1 12 and coil 113 with which the vertical mold diffiision fiimace shown in drawing 6 was covered with the outer 
wall 111, The heater 1 1 4 for heating the inside of a coil 1 1 3 , and the heater thermocouple 1 1 5 which detects the 
temperature of a heater 1 14, The cascade thermocouple 1 16 which detects the temperature between a liner tube 
1 12 and a coil 1 13, It consists of a boat 1 17 carrying the wafer for heat-treating, and a temperature controller 
119 which controls the control input Z to a heater 1 14 (power value) based on the detection temperature and the 
target temperature Y directed which the heater thermocouple 115 and the cascade thermocouple 116 detect. 
[0003] The heater 1 14 is divided into two or more heating zones in order to control whenever [ fiimace 
temperature ] (temperature of a coil 1 13) to high degree of accuracy more. Like drawing 6 In the division into 
four heating zones, corresponding to each heating zone called U, CU, CL, and L zone sequentially from the 
upper part (these names are used henceforth), the heater thermocouple 1 15 and the cascade thermocouple 116 
are installed. Detecting the temperature of the heater thermocouple 1 15 so that it may be in agreement with the 
target temperature Y in the detection temperature of the cascade thermocouple 1 16, a temperature controller 119 
computes the control input Z to a heater 1 14 according to the algorithms (PID operation etc.) which were able to 
be given beforehand, and is adjusting the power value to a heater 114. 

[0004] Thus, although temperature control was performed so that it might be in agreement with the target 
temperature of wafer processing of the detection temperature in the cascade thermocouple 116 conventionally, 
quite a few errors are between the temperature in the location of the wafer which actually heat-treats, and the 
detection temperature of the cascade thermocouple corresponding to it, and this error may become the factor 
which reduces the quality of heat treatment. For this reason, it is required to control to become the temperature 
of a near field or the target temperature of wafer processing of the temperature of the wafer itself with a wafer, 
and to raise the quality of heat treatment. For that purpose, a means by which a wafer detects the temperature of 
a near field or the temperature of the wafer itself is needed. Although there are various kinds of things, such as 
the approach of inserting a thermocouple into a coil and measuring the temperature near the wafer as a detection 
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means and a method of presuming wafer temperature using a mathematical model, how to use the wafer for 
thermometries (wafer with a thermocouple) which equipped the wafer with the thermocouple directly is 
explained as those one example here. 

[0005] Drawing 7 shows the example which used the above-mentioned wafer with a thermocouple. In this case, 
the wafer 118 with a thermocouple is arranged corresponding to each of U, CU, CL, and L zone which is four 
heating zones. Moreover, the heater thermocouple 1 15 and the cascade thermocouple 1 16 are also installed in 
the location corresponding to each of these U, CU and CLs, and L zone. The temperature detected with the 
wafer 1 1 8 with a thermocouple is incorporated by the temperature controller 119 like the heater thermocouple 
1 15 and the cascade thermocouple 116. Although the location and number equipped with a thermocouple may 
incidentally change with operation in a wafer with a thermocouple, the wafer 1 1 8 with a thermocouple in the 
example described here shall have equipped only with one thermocouple in the center of a wafer. 
[0006] One example of the relation of the detection temperature of the cascade thermocouple 1 16 and the wafer 
1 1 8 with a thermocouple at the time of performing temperature control so that it may be in agreement with the 
target temperature of wafer processing of the detection temperature of the cascade thermocouple 116 with a 
configuration like drawing 7 is shown in drawing 9 . In this case, although the detection temperature (O) of the 
cascade thermocouple 1 16 is in agreement with target temperature, the error has produced the detection 
temperature (delta) of the wafer 118 with a thermocouple between target temperature. Moreover, since size with 
error etc. differs for every heating zone, it becomes the factor which reduces the quality of heat treatment. In 
this case, there is the approach of using the error between the detection temperature of the wafer 118 with a 
thermocouple and the target temperature over the cascade thermocouple 1 16 as correction value over the target 
temperature of a cascade thermocouple. For example, in drawing 9 , to target temperature, the detection 
temperature of the wafer with a thermocouple of U zone adds these 5 degrees C to the target temperature over 
the cascade ttiermocouple of U zone as correction value, in being low 5 degrees C. 

[0007] By above-mentioned amendment, although the detection temperature of the cascade thermocouple 116 
of U zone becomes higher 5 degrees C than original target temperature, it can make the detection temperature of 
the wafer with a thermocouple of U zone in agreement with original target temperature. Similarly, one example 
of the relation of the detection temperature of the cascade thermocouple at the time of amending and a wafer 
with a thermocouple is shown in drawing 10 to all heating zones. In this case, although the detection 
temperature (O) of the cascade thermocouple 1 16 stopped being in agreement with original target temperature, 
its detection temperature (delta) of the wafer 118 with a thermocouple corresponds with target temperature. The 
quality of heat treatment can be raised because the temperature of the actually heat-treated wafer was in 
agreement with target temperature. However, in the above-mentioned example, in order to make high 5 degrees 
C of detection temperature of the wafer 118 with a thermocouple, even if it adds 5 degrees C to the target 
temperature over a cascade thermocouple as correction value, 5 degrees C of detection temperature of a wafer 
with a thermocouple do not actually become high in many cases, and the repeat of several tuning is needed. 
[0008] Furthermore, although the wafer 118 with a thermocouple is arranged in the configuration of drawing 7 
in the location corresponding to the heater thermocouple 1 15 and the cascade thermocouple 116 which were 
installed for every heating zone, respectively In order to measure the temperature of the other wafer, two or 
more wafers with a thermocouple are increased and arranged like drawing 8 . It thinks, as one example of the 
relation of the detection temperature of the cascade thermocouple and the wafer with a thermocouple at the time 
of incorporating to a temperature controller 1 19 shows the temperature detected by them similarly to drawing 
11 . In this case, although the detection temperature (delta) of the wafer 1 1 8 with a thermocouple arranged in 
the location representing each heating zone is in agreement with target temperature, the detection temperature 
(**) of the wafer with a thermocouple arranged in the other location has produced the error to target 
temperature. Now, a difference appears in the quality of heat treatment and it becomes the cause that the 
manufacture rate of a result object that the quality more than fixed level can be guaranteed as a product falls. As 
this cure, if possible, the temperature gradient of a wafer field is abolished, and there is the approach of 
amending the target temperature over the cascade thermocouple 1 16 fiirther so that it may be made 
homogeneity. 

[0009] For example, to target temperature, the detection temperature of the wafer [ as / m drawmg 1 1 ] with a 
thermocouple installed between CL zone and L zone decreases as correction value firom the target temperature 
over the cascade thermocouple of about 1 degree C, CL zone, and L zone, when high 3 degrees C. In this case, 
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it is because the purpose that an error becomes large to target temperature and the detection temperature of the 
wafer with a thermocouple corresponding to a heating zone abolishes the temperature gradient of a wafer field 
as a result shortly cannot be attained if having considered as about 1 degree C, without making correction value 
into 3 degrees C uses 3 degrees C of an error as correction value of the target temperature over a cascade 
thermocouple like previously. Furthermore, since it is influenced of the amendment of CL zone and L zone 
through which it passes, respectively and the detection temperature of the wafer with a thermocouple which 
having made correction value into about 1 degree C installed between CL zone and L zone needs to adjust 
correction value several times when information, such as a degree of interference between heating zones, is 
indefinite, it is semantics which makes the initial value about 1 degree C first. 

[0010] As shown in drawing 8 , when it constitutes, one example of the relation of the detection temperature of 
the cascade thermocouple and the wafer with a thermocouple at the time of being adjusted so that the detection 
temperature of all wafers with a thermocouple may make the error over target temperature small (for example, a 
skillful operator adjusting) is shown in drawing 12 . In this case, although the detection temperature (delta) of 
the wafer with a thermocouple corresponding to a heating zone stopped being in agreement with target 
temperature a little, the error with the target temperature in all wafers with a thermocouple (**,**) is 
decreasing as a whole compared with the case of drawing 1 1 (the width of face of dispersion shown by the 
arrow head is small). Thereby, the result significant work which can guarantee the quality more than fixed level 
as a product can be made to increase. However, like drawing 12 , existence of the operator who became skillful 
in order to, have made small the error with the target temperature in a wafer with a thermocouple on the whole 
is required, and in order that a skillful operator may also adjust repeatedly, the present condition is needing 
much adjustment time amount. 
[0011] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional soak adjustment approach for 
thermal treatment equipments divides the wafer field of a thermal treatment equipment into two or more heating 
zones, and is related with all heating zones. Temperature detection equipments, such as a cascade thermocouple 
around a furnace, detect the temperature of the field which actually sets up target temperature and performs 
temperature control, and although it is going to carry out heating control so that the processed object arranged in 
a furnace may be processed at target temperature with the detected temperature Since it is dependent on 
experience and trial of a skillful operator, the decision of the laying temperature to temperature detection 
equipment has a limit to a staff with the corresponding capacity, and has the problem that the setup time is also 
seriously needed. 

[0012] It aims at offering the manufacture approach of the temperature control approach which it crosses to the 
all field of a processed material even if it is made that this invention should solve the above-mentioned problem 
and there is not a skillful operator, and is a short time simply, and can make an error small, can adjust to target 
temperature (soak adjustment), and can also perform automation easily according to a computer system, a 
thermal treatment equipment, and a semiconductor device, 
[0013] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, the temperature 
control approach concerning this invention As detection temperature in a predetermined location is made into 
the target temperature, it is the temperature control approach which controls the heating apparatus which has at 
least two heating zones. And in each heating zone, the temperature in at least one predetermined location is 
detected, and it is characterized by controlling said heating apparatus so that said target temperature is included 
between the maximum of the detection temperature in two or more detected predetermined locations, and the 
minimum value than the number of said heating zones. 

[0014] According to such a configuration, even if there is not a skillful operator, it can cross to all the fields of a 
processed material, and it is a short time simply, and an error can be made small and it can adjust to target 
temperature (soak adjustment). This invention is easily applicable to a vertical mold CVD system, sheet 
equipment, etc. with which it has two or more heating zones, and the temperature in two or more wafer 
locations with a thermocouple may be detected, 

[0015] Moreover, in the temperature control approach of this invention, the 1st predetermined location 
corresponding to each zone is equipped with the 1st thermometric element. It is used for the temperature control 
approach which controls said heating apparatus to make detection temperature by said 1st thermometric element 
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into the 1st target temperature. The 2nd predetermined location near [ location / 1st / predetermined ] a 
processed material is equipped with the 2nd thermometric element. When changing said 1st target temperature 
in said 1st thermometric element The interference matrix M which is a matrix of the multiplier which shows the 
degree from which the detection temperature of said 2nd thermometric element changes And the difference PO 
of the 2nd [ in said 2nd thermometric element ] target temperature and the detection temperature by said 2nd 
thermometric element is acquired, and it is characterized by amending said 1st target temperature based on 
these interference matrix M and an error PO. 

[0016] According to such a configuration, even if there is not a skillful operator, it is a short time simply, and an 
error can be made small, it can adjust [ it can cross to all the fields of a processed material, and ] to target 
temperature (soak adjustment), and a computer system can also perform automation easily. In addition, in the 
gestalt of operation, a cascade thermocouple is equivalent to the 1st thermometric element, and the 
thermocouple attached to the wafer (wafer with a thermocouple) is equivalent to the 2nd thermometric element. 
And according to this configuration, temperature control is made based on the interference matrix M and error 
PO which were acquired once, the target temperature of a cascade thermocouple being amended. 
[0017] Moreover, the temperature control approach of this invention is performing temperature control using 
said 1st amended target temperature, asks for new error PO', and is characterized by amending said said 1st 
amended target temperature further using this error PO* and said interference matrix M. 
[0018] According to such a configwation, temperature control can be performed with a more sufficient 
precision and a processed material can be heated with a more sufficient precision to request temperature. 
[0019] Moreover, in order that the temperature control approach of this invention may detect whenever [ by the 
processing room, the heating apparatus which heats the processed material which has at least one heating zone 
and was prepared in said processing interior of a room, and said heating apparatus / stoving temperature ] in the 
1st predetermined location, The 1st detection temperature which was equipped with the 1st thermometric 
element formed in each at least one zone, and was detected by said 1st thermometric element, In the 
temperature control approach which controls said heating apparatus based on the 1st target temperature about 
the 1st detection temperature this — And it has two or more 2nd thermometric elements which detect whenever 
[ by said heating apparatus / stoving temperature ] in the 2nd predetermined location near [ location / 1st / 
predetermined ] a processed material than the number of said heating zones, the 2nd detection temperature 
detected by said 2nd thermometric element — this ~ it is characterized by measuring the 2nd target temperature 
about the 2nd detection temperature, acquiring the correction value of said 1st target temperature, and for said 
correction value amending said 1st target temperature, and performing temperature control. 
[0020] Moreover, in the temperature control approach of this invention, acquisition of said correction value is 
characterized by being carried out before the real process which actually processes a processed substrate. 
[0021] According to such a configuration, there is no need of forming the 2nd thermometric element into a real 
process, and the bad influence to the processed material by forming a thermometric element can be lost. 
[0022] Moreover, the heating apparatus which has at least two heating zones by which temperature control is 
carried out so that the thermal treatment equipment conceming this invention may make a processing room and 
detection temperature in a predetermined location the target temperature. Two or more thermometric elements 
which detect the temperature in at least one predetermined location [ in / and / than the number of said heating 
zones / each heating zone ], It comes to have the control unit which controls said heating apparatus so that said 
target temperature may be included between the maximum of two or more detection temperature depended on 
said two or more thermometric elements, and the minimum value. 

[0023] According to such a configuration, even if there is not a skillfial operator, it crosses to all the fields of a 
processed material, and the thermal treatment equipment which is a short time simply, and can make an error 
small and can be adjusted to target temperature (soak adjustment) can be offered. 

[0024] Moreover, the manufacture approach of the semiconductor device conceming this invention The heating 
apparatus which has at least two heating zones is controlled to make detection temperature in a predetermined 
location into the target temperature. More [ are the manufacture approach of a semiconductor device of heat- 
treating to a processed substrate, and / number / of said heating zones ] And it is characterized by controlling 
said heating apparatus so that the temperature in at least one predetermined location in each heating zone is 
detected and said target temperature is included between the maximums of detection temperature and the 
minimum values in two or more detected predetermined locations. 
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[0025] According to such a configuration, even if there is not a skillful operator, it crosses to all the fields of a 
processed material, and the manufacture approach of the semiconductor device which is a short time simply, 
and can make an error small and can be adjusted to target temperature (soak adjustment) can be offered. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained based on 
an accompanying drawing. The most fundamental gestalt of this invention so that detection temperature in a 
predetermined location may be made into the target temperature In the temperature control approach which 
controls the heating apparatus which has at least one heating zone Although it is controlling said heating 
apparatus as the temperature in more predetermined locations of two or more than the number of said heating 
zones is detected and said target temperature is included between the maximvun of two or more detected 
detection temperature, and the minimum value In the gestalt of the operation explained below, the gestalt in the 
case of performing temperature control so that the average of the difference of further two or more detection 
temperature and target temperature may serve as min is explained by considering this as a basic configuration. 
[0027] The block diagram showing the vertical mold diffusion furnace whose gestalt 1 . drawing 1 of operation 
is the gestalt of operation of the thermal treatment equipment with which the temperature contirol approach of 
this invention was applied, and drawing 2 are the enlarged drawings showing the interior of the outer wall of the 
vertical mold diffusion furnace of drawing 1 . The liner tube 12 and coil 13 with which the vertical mold 
diffusion fiimace 10 shown in drawing 1 and drawing 2 has been arranged in an outer wall 11, The heater 14 for 
heating the inside of a furnace, and the heater thermocouples 15a, 15b, 15c, and 15d which detect the 
temperature of a heater 14, The cascade thermocouples 16a, 16b, 16c, and 16d which detect the temperature 
between a liner tube 12 and a coil 13, a wafer -- temperature (temperature of the field where the wafer and the 
wafer have been arranged) - detecting ~ a sake ~ a thermocouple ~ with ~ a wafer - 18 - a ~ 18 ~ a -- ' ~ 18 
.. b — 1 8 ~ b - ' ~ 1 8 ~ b ~ " - 1 8 ~ c ~ 1 8 ~ c - ' ~ 1 8 ~ d - containing ~ plvirality ~ a wafer ~ having 
carried ~ a boat - 17 - It consists of temperature controllers 19 which calculate the control input Z fi-om the 
heater thermocouples 15a, 15b, 15c, and 15d and cascade thermocouples [ 16a, 16b, 16c, and 16d ] detection 
temperature and the target temperature Y to a heater 14 (power value), in addition -- the above ~ a 
configuration -- setting ~ a cascade -- a thermocouple - 16 ~ a - 16 -- b - 16 - c - 16 -- d -- this invention - 
the ~ one - a thermometric element ~ constituting -- a thermocouple -- with ~ a wafer ~ 1 8 - a ~ 1 8 ~ a ~ ' - 
18 „ b - 18 - b - • ~ 18 - b - " - 18 - c - 18 - c - ' ~ 18 - d -- it can set -- a thermocouple -- this invention 
~ the ~ two ~ a thermometiic element ~ constituting ..****. 

[0028] In the above-mentioned example, in order to control the temperature of the wafer field in a furnace with 
high precision, the inside of a furnace is divided into U, CU, CL, and L zone sequentially fi-om four heating 
zones, i.e., the upper part. In each zone, impression of high-firequency power is enabled among those heater 
terminals that are not illusti-ated, and the seal of approval of the RF electiic energy can be changed and carried 
out for every zone. Temperature control is possible for every zone by this, and it is possible to cover all zones, 
to attach homogeneity or the temperatiire gradient for which it asks, and to carry out a temperatiire conti-ol. And 
corresponding to each of these U, CU and CLs, and L zone, the heater thermocouples 15a, 15b, 15c, and 15d 
and the cascade thermocouples 16a, 16b, 16c, and 16d are installed, respectively. Moreover, a wafer with a 
thermocouple is arranged between every (18a, 18b, 18c, 18d) one-sheet U and CU zones and between CL and L 
zone, and two sheets [ a total of eight ] are arranged between every one-sheet CU and CL zones at the location 
which represents these U, CU and CLs, and L zone among the wafers carried in the boat 1 7, respectively. 
[0029] In the soak adjustment approach of the wafer field in this vertical mold diffusion fiimace 10, it is carried 
out fi-om acquiring the correction value of the target temperature in the temperature control first performed on 
the occasion of product manufacture as pre-preparation which actually manufactures a product (semiconductor 
device). The correction value of this target temperature is used to the target temperature of the detection 
temperature of a cascade thermocouple, in order to make temperature of a wafer field into soak. That is, in the 
temperature conti-ol performed on the occasion of actiial product manufactijre, the wafer for the usual products 
is arranged in the location of a wafer with a thermocouple, and temperature detection of the wafer itself cannot 
be performed. Then, a temperatiire conti-oUer 19 can perform temperature conti-ol which makes temperature of a 
wafer field soak by performing temperature contiol which applied the above-mentioned correction value to the 
target temperature of cascade thermocouples [ which are always arranged / 16a 16b, 16c, and 16d ] detection 
temperatiire. Of course, if it is the configuration which can carry out the firm measurement of the temperatiire of 
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a wafer field by a certain approach, it cannot be overemphasized that controllability ability can be raised by 
controlling it instead of a cascade thermocouple. • 
[0030] Next, the principle of the soak adjustment approach for the wafer field of the vertical mold diffusion 
furnace 10 is explained in order, first -- control -- using it ~ a cascade -- a thermocouple - 16 -- a - 16 ~ b ~ 
16 - c ~ 16 ~ d -- detection - temperature -- soak -- adjustment ~ the purpose ~ it is ~ a wafer ~ a field ~ 
temperature - detecting ~ a sake -- arranging -- having had -- a thermocouple ~ with ~ a wafer ~ 1 8 - a ~ 1 8 - 
- a -- ' -- 18 - b -- 18 -- b -- ' - 18 - b - " -- 18 -- c -- 18 -- c -- ' -- 18 -- d -- detection -- temperature -- relation 
-- grasping - things - being required . In the above-mentioned vertical mold diffusion fiimace 10, the detection 
temperature of eight wafers with a thermocouple receives the effect firom a heater 14 by which temperature 
detection is carried out in the heater thermocouples 15a, 15b, 15c, and 15d corresponding to U, CU, CL, and L 
zone which are four heating zones. The degree of the effect is evaluated by approach which is described below. 
[0031] First, it controls in agreement with the target temperature of wafer processing of cascade thermocouples 
[ corresponding to U CU, CL, and L zone which are four heating zones / 16a 16b, 16c, and 16d ] detection 
temperature. Although it does not need to be strictly the same as target temperature at this time, a temperature 
change needs to evaluate an effect degree by the temperature zone which is not greatly separated fi-om the 
corresponding target temperature, in order to show the property which usually changes with temperature zones 
which control. After the temperature of all zones is stabilized, several degrees C (for example, 10 degrees C) are 
added to the target temperature over the cascade thermocouple of one zone, for example, U zone. Then, time 
amount fully passes and the variation (forward and when temperature rises, and it descends, it treats as a 
negative number) of the detection temperature of the wafer with a thermocouple which is eight sheets when 
temperature is stabilized is recorded. If variation added to the target temperature over the cascade thermocouple 
of U zone is set to deltaTU from this result and variation of the detection temperature of eight wafers with a 
thermocouple at that time is set to delta PUl -delta PUB firom the upper part at order, it can express as follows. 

Namely, [0032] deltaPUl=alphaUlxdeltaTUdeltaPU2=alphaU2xdeltaTU ... = = .... 

deltaPU8=alphaU8xdeltaTU [0033] In an above-mentioned case, change of the target temperature over the 
cascade thermocouple of U zone is the multiplier which shows the degree of the effect which it has on the 
detection temperature of eight wafers with a thermocouple, and alphaUl to alphaU8 expresses that effect is so 
large that a numeric value is large. If similarly variation added to the target temperature over the cascade 
thermocouple of CU zone is set to deltaTCU and variation of the detection temperature of eight wafers 18 with 
a thermocouple at that time is set to delta PCUl -delta PCU8 fi-om the upper part at order, it can express as 

follows. Namely, [0034] deltaPCUl=alphaCUlxdeltaTCUdeltaPCU2=alphaCU2xdeltaTCU ... = = .... 

deltaPCU8=alphaCU8xdeltaTCU [0035] Moreover, about CL zone, it is 

deltaPCLl=alphaCLlxdeltaTCLdeltaPCL2=alphaCL2xdeltaTCL... It is = It is =.... It is 

deltaPCL8=alphaCL8xdeltaTCL [0036]. Furthermore, about L zone, it is 

deltaPLl=alphaLlxdeltaTLdeltaPL2=alphaL2xdeltaTL... It is = It is =.... It can express 

deltaPL8=alphaL8xdeltaTL. 

[0037] It is [0038] when variation of the detection temperature of eight wafers with a diermocouple is set to 
delta PI -delta P8 from an above-mentioned result. 
[Equation 1] 

AP. - (at,.xAr„)+(a«„xAr„)+(o<„xAra)+(auxArJ 
AP, - (a„,xAr„)+(a„,xArc„)+(ao,xAra)+(a«xAr^) 

[0039] Although the variation of the detection temperature of a next door and eight wafers with a thermocouple 
acted as multiplier Bai of the change of the target temperature over the cascade thermocouple of each zone, it 
can be expressed with the sum. Therefore, in order to make it change so that the detection temperature of eight 
wafers with a thermocouple may be brought close to target temperature, it is necessary to use the above- 
mentioned relational expression and to determine the correction value to the target temperature over the cascade 
thermocouple of each zone. If a determinant expresses the above-mentioned relational expression, it will 
become like a degree type (1). 
[0040] 
[Equation 2] 
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[0041] It sets at an above-mentioned ceremony (1), and is an interference matrix (change of the target 
temperature over a cascade thermocouple) about the niatrix of the 1st term of the right-hand side. The matrix 
and call of a multiplier which show the degree of the effect which it has on the detection temperature of a wafer 
with a thermocouple, When it is referred to as M, the column vector (variation of target temperature to a 
cascade thermocouple) of the 2nd term of the right-hand side is set to deltaC and the column vector (variation of 
the detection temperature of a wafer with a thermocouple) of left part is expressed as deltaP, the above- 
mentioned formula (1) is [0042]. delta P=Mxdelta C .... (2) 

[0043] It becomes. Thus, it can evaluate about the relation of the detection temperature of the cascade 
thermocouple used for control, and the wafer with a thermocouple which is the purpose. However, since this 
numeric value may include the error according to various factors, when it is necessary to raise precision more, 
or when allowances are in adjustment time amount, it cannot be overemphasized that creation of the above- 
mentioned interference matrix may be performed several times, and that average may be used. 
[0044] Next, before actually adjusting, the error of the detection temperature of each wafer with a thermocouple 
at the time oV controlling the detection temperature of a cascade thermocouple in agreement with the target 
temperature of wafer processing and target temperature is acquired. At this time, when the detection 
temperature of each wafer with a thermocouple is higher than target temperature, an error is made into a 
positive number, and in being lower than target temperature, it treats an error as a negative number. The error of 
the detection temperature of eight wafers with a thermocouple and target temperature can be set to E1-E8 from 
a upside heating zone at order, and can be expressed as a column vector PO like the following formula (3). 
[0045] 
[Equation 3] 



^3 

£4 . . • • (3) 

El 

[0046] next - actually - eight - a sheet — a thermocouple - with ~ a wafer ~ 1 8 - a — 1 8 - a - ' - 1 8 — b — 
1 8 - b - ' - 1 8 - b - " - 1 8 ~ c - 1 8 - c - ' - 1 8 - d ~ depending ~ detection - temperature - a target - 
temperature ~ bringing close - a sake - adjustment - carrying out . In case it adjusts, a valuation basis for the 
detection temperature of eight wafers with a thermocouple which are the purposes to evaluate which 
approached target temperature is needed. Then, the sum of the square of the error of the detection temperature 
of each wafer with a thermocouple and target temperature is made into a valuation plan, and it adjusts so that 
this may serve as min, so that the error over target temperature may become min in all the eight ^yafers with a 
thermocouple for the purpose of making the result significant work which can guarantee the quality more than 
fixed level as a product increase. Also when adjusting so that the sum of other valuation bases, for example, an 
absolute value with error, may be made into min, the approach to be described from now on can be applied. It is 
[0047] when the valuation plan mentioned above is shown. J=|P0H-deltaP|2 .... (4) 

[0048] It becomes. The contents of the right-hand side in this valuation plan J express the sum of deltaP which 
is the variation of the detection temperature of PO which is the error of the detection temperature of eight wafers 
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with a thermocouple before adjustment, and target temperature, and eight wafers with a thermocouple which 
change with adjustments, and express the error of the detection temperature of eight wafers with a thermocouple 
after adjustment, and target temperature. It is [0049] when the formula (2) of point ** is applied to the above- 
mentioned valuation plan J (formula (4)). 
J=|PO+[Mxdelta C] |2 .... (5) 

[0050] It is [005 1] when a next door and the transpose of a matrix are used. 
J= [PO+[Mxdelta C]] Tx [PO+[Mxdelta C]] 

[00?2] It becomes ("T" expresses the transpose of a matrix). Furthermore, if the formula (1) and formula (3) of 

point ** are used, it will become like the following formula (7). 

[0053] - 

[Equation 4] 



E» 
E, 
E, 
E, 



^ctn ^OA ^LL 
^CU2 ^CH ^L2 



^U7 
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\Ex 


















E, 






tTa, 




E, 


< 




UTa. 




E, 










E, 








E, 








E, 





*C14 



«CLT 
T 



AT, 



£3 +a,,3 X ATu -I- ac£/3 -^cv +«a3 ^ ATq. +«t3 '^^i 

" B,+ai;s5<Arj, +acTr5>«-^ci/ +«cM^Ara +a,,5 xAT^ 
^5 + ct„i X ATy + ffcirc X ATcv + «CL6 X ATa + x AT^ 

+a,^ X Ar„ +dfcif7 X ATcr ^^^^t AT^t +Ol7 ^ 
JF, ^-acrs X ATj, + Ocys +aa, x AT^ + a„ x AT^ 

rEi+at^xAT^+aaa^ATci, +acu xAT^t +Ou 

+0,^2 X ATtr +«c»a * ATcB, xATo, x ATj^ 

*aj,5 X AFt^ +acw ^ar 
«4 +au4H^o +Octr4^^cu +«a4 '^^a +«w xATi 
£5+a„,xAr,,+aj^5xArcy+act3xArtt+a„xAri 
£j +a(,a X AT^, +acvB X ATc x AJ^a +a„ x AT^ 

JJy+a^yXATy +acu7^Arci,+aa7'«Ara. +a^7xAT^ 
acif»'<ATc(, +a(j, xATjj +0^, « AT^ 

- (£1 +a„i xAr„ +ac„ kATcu +aai "^a +«u x ATif 
+ (£,+a„xAr„ +eia„xAr„ *aaxX&Ta +a„xArt)' 
+ (B» +«w X AJ'b X +aa3 X ATcx + X ATi f 

♦ (Ej +a„, xAr„ +a«,5xArc +aa,''ATa +a„ xATJ 
+ +a„6 xAr„ +ac. X Ar«, +«« xAT^ +«»♦ "^^^J" 
xATp +a„» xATa, x ATa +0^., ''^^5' 

[0054] Next, in order to ask for each elements delta TU, delta TCU, delta TCL, and delta TL of deltaC that a 
valuation plan J should be made min, the partial differential of the valuation plan J is carried out about each 
elements delta TU, delta TCU, delta TCL, and delta TL of deltaC. First, if the partial differential of the 
valuation plan J is carried out about deltaTU, it will become a degree type (8). 
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[0055] 
[Equation 5] 
dJ 

- ((Zxaj^)" (B, + (e„ X Ar„ )*(fXan >< ATq, )+ (am >< AT^ )+ (a„ x AT, ))) 

+ ((2x«„3)x(£,+(au,-ArJ+(a„,K&rcJ+(a„,xAr„)+(a„xA2V))) 
4((2xa„Jx(E,^(a„,xArJ*(««*xAr„,)+(aa.xAr»K(a,.xATj» 

+ ((2x«^,)x(B, +(a„, X ATj4(a„, X Ar,,)+(«„ xAr„)+(«» ^ ATj)) 
*((2xa„Jx(£.+(a„.xArJ+(a««xAr„)+(«„,>'Ar„)+(a„xArJ^^^^^ 
+ ((2x«„,)x(E, +(a„,xAr„V(a„,,xArc„) + (o;a7 xAr„)+(o„ xAT ^ 
+ ((2xa,.)x(B, +(a„, X AT„ )+(«a» x AT«, )+ («« x AT„)+ (a„ x AT, )» 

- 2x { + + a„' + a„,' + + a„.' + a,„' + On')* 
+ ((ti„ Kae,„)+(a<„xacvj)+(oOT x«cwj)+('»«4xaei,4) 

* («w X acvs ) + (^ut x «(»» ) + (otf 7 X acu, )+ iflm "Oot ))* 
+ ((at,, xacu)+(«B» XBa,)+ (ciot X0c«)*(<*tr4 x«ct*) 

+ (oj,, xa<i5)+ (a„, X Oa J+ (o,„ xaa^)* Ca^ x«ai ATet 
+ ((a„ xa„)+ (b„ xau)+(a„3 xao)+ (0^4 xOm) 

+ xa„)+(o„,xai4)+(a,„ xo„)+V«i» 

+ («« * £s )+ («tr. X £, )+ (oipT X )+ (oot 

.... (8) 



[0056] Like the above, if the partial differential of the valuation plan J is carried out about delta TCU, delta 
TCL, and delta TL, respectively, a degree type (9), (10), and (1 1) will be obtained. 
[0057] 
[Equation 6] 
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dj 



- 2x{ ((ac^xaciri)+(aca'<acifa)+(«£ra««a;a)+(<*v4*«w*) 



2_ 2_ 2_ a^^ aj^^^ 



*('cin' +«ccri* +^ci;3' +^ci;4* + ^cvs' + ^cue'' +0fctf7* +«ccf8 
+ (Ocvs )+ (<»c£/6 )+ (ffor? ^«17 )+ (acVB 



+ {(Zcu% )+(«a;« « ^« )+ («cw7 *^7 )+ («c 



a/ 



.... (9) 

2x{ ((a£,jXaa,,)+(ovaXacxa)+(aw^act5)+(«(/4'««ct4) 

^^CLl +«C12' +«a3' +«Ct4' +aa5*+«CLfi' + «CL7^ +«Cm')»^^CX 

+((aa, xa^i)+(actj xai.2)+(«ci3 '<«M)+(«a4 xOm) 

+ («aj )+ ^ w )+ («a7 « Ol7 (acts ^^t^))** 

+(aa3x£,)+(a^-x£5)+{«<x7X^7)+V«as'<^»)) / 

... - (10) 

- 2x{ ((offi xaii)+ xaxa)+ ^"13)+ («ir4 xa^) 

♦ (oc^^ xa^ )+(a^^ xat5)+(av7 xa„)+(ar/« xa„))x ATi, 
+ ((«a;i xaM)-l'(aa.2 xa„)+(aar3 xo„)4 (a„M xOj^) 

+ (oofj xa^)+(ac„a xa^6)+(aw7 xa„)+(aofs xaM^JxATc,, 
+((«^xa4,)+(act2 xo„)+(aiat3xa„)+(a„4xoe^) 

+ (a^M xa„)+(rttt4 xCie)+(aa7 x Oit )+ V»cw '^'ls n^P^cL 

+tf£i* +ai5*+«*5^ +«i.7' +«^>Ar^ 

+((a„xK,)+(a^3XjBj+(a„xE,)+(ai4x£4) 

+(a„x^,)+(«iax^5)*(«i7''^7)+(««x£«)) I 

... - (11) 



[0058] Thus, it is based on the result of having carried out the partial differential of the valuation plan J about 
each elements delta TU, delta TCU, delta TCL, and delta TL of deltaT, and is [0059]. 

**J/**deltaTU=0**J/**deltaTCU=0**J/**deltaTCL=0**J/**deltaTL=0[0060] The equation carried out turns 
into 4 yuan the primary equation which makes a variable each elements delta TU, delta TCU, delta TCL, and 
delta TL of deltaC. The solution which solved these four equations as simultanebus equations, and delta TU, 
delta TCU, delta TCL and delta TL make a valuation plan J min, that is, are correction value of the target 
temperature over a cascade thermocouple which makes min the sum of the square of the error of the detection 
temperature of each wafer with a thermocouple, and target temperature. 

[0061] Next, the solution method of the primary above-mentioned simultaneous equations of 4 yuan is shown. 
First, the formula set to **J/**deltaTU=0 can be expressed as a degree type (12). 
[0062] 
[Equation 7] 



(«{nxacwj+- 
(ainxacw)*- 



+ (a„axac 



a) 



■+(«Mxa, 



T 




X 










An 



-(-l)x((ae„x£,)+.- + (ao 



x£j) 
• (1 2) 



[0063] Similarly, the formula set to **J/**deltaTCU=0, **J/**deltaTCL=0, and **J/**deltaTL=0 can be 
expressed as a degree type (13), (14), and (15). 
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[0064] 
[Equation 8] 

(a^v, X a„ ) + — + (aori * t»iB ) , 











X 










FAT,, * 






X 

























- (-1) X ((a„,i X + (accr. « )) 

. • - • (13) 

. . • • (14) 

-(-l)x((a„ x£i)+- +{a^»xF8)) 

••••(16) 



[0065] The four above-mentioned formulas can be expressed as (16) types using a matrix. 

[0066] 

[Equation 9] 



(aciri X )+ ' • ' + [act xa^^, ) (oTcvi x a^j ) + — + (a^, x ) 



ion* 



(pui xactt)+*- + (ow»xac«) {«cin'***cxi)+ — + («'OTBXa<i,) aai* + -•^•^cia 

(a„, xa^ )+ + (ot^, xa„ ) (atdri xtt^t ) + — + (aor. xa„ ) (a^, x a„ )+ -i- (ticu ) 



(-.l)x((aj,, x£,)+ . -i-Co^ x^,)) 
(-1) X ((a I X ) + " • + (ooiB X E, )) 
(-l)x((act. x£:,)+ . .|.(a^ xB,)) 
H)x((a^,x£j) + ... + (a^x£j) 



• (1 6) 



[0067] In the above-mentioned formula (16), the matrix of the 1st term of left part can use the interference 

matrix M in a formula (2), and can express it as (17) types. 

[0068] 

[Equation 10] 
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•CI/8 ***I8J 

+ (act8xa„) 



«ctr* 

«CIf» 



«Ct3 



*t7 



(1 7) 



[0069] Moreover, the column vector of the right-hand side can use the error PO of the detection temperature of 
eight wafers with a thermocouple before the interference matrix M in a formula (2), and the adjustment m a 
formula (3), and target temperature, and can be expressed as (18) types. 
0070] 

Equation 111 

(-l)><((«rnx£j + .. 
(-I)^((«ccn5<^i) + - 



■ + («a;B*JS:a)) 

- + (actaX^g)) 
. + (cr^x£,)) 



- (-1) 











7 






























«0U4 






X 






^cus 















































(-l)><M'>«i», 



(1 8) 



[0071] Therefore, it can express (19) equations and fhe simultaneous equations of an equation (16) are [0072]. 
[Equation 12] 



6Ta 



- (-l)xJtf''K/i 



{1 9) 



0073] It will become (20) types if inverse-matrix [MTxM]-l is hung from Hidari of both sides. 
0074] 

Equation 13] 

1 . _y 

. [m'aM y X (-l)xilf^xP, • • • • (ZO) 



V 

A7i 



[0075] Since M and PO in the right-hand side of a formula (20) are the numeric value already acquired as an 
of the detection temperature of eight wafers with a thermocouple before an interference matrix and 



error i 
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adjustment, and target temperature, delta TU, delta TCU, delta TCL, and delta TL are calculated by assigning 
the value to a formula (20). 

[0076] Thus, it is the correction value of the target temperature over the cascade thermocouple for making into 
min the valuation plan J aiming at delta TU, delta TCU, delta TCL, and delta TL which were computed making 
the result significant work which can guarantee the quality more than fixed level as a product increase. 
Although how to solve the simultaneous equations created by the partial differential was explained in order in 
order to calculate each element of dehaC which makes a valuation plan J min, and delta TU, delta TCU, delta 
TCL and delta TL in an above-mentioned example By not solving simultaneous equations, acquiring the error 
PO of the detection temperature of eight wafers with a thermocouple before the interference matrix M and 
adjustment, and target temperature, and assigning the value to an actual activity at the above-mentioned 
equation (20) The correction value of the target temperature over a cascade thermocouple can be calculated. At 
the end, it controls using the calculated correction value, and the result of adjustment is checked. 
[0077] In the configuration shown in drawing 1 and drawing 2 , the correction value computed above, 
respectively, and delta TU, delta TCU, delta TCL and delta TL are added to the target temperature over the 
cascade thermocouple of each heating zone (U, CU, CL, L zone). And it controls so that this target temperature 
and the detection temperature of a cascade thermocouple are in agreement. Time amount fiiUy passes and the 
error of the detection temperature of eight wafers with a thermocouple and original target temperature is 
checked in the place by which temperature was stabilized. Adjustment will be ended if each error is in 
tolerance. An addition is adjusted when the error has exceeded tolerance. Although the procedure of additional 
adjustment is the same as the above-mentioned case that time - the 1st adjustment - the error of the detection 
temperature of eight wafers with a thermocouple before adjustment, and target temperature - acquiring -- PO - 
carrying out - **** (formula (3)) - in additional adjustment The error of the detection temperature of eight 
wafers with a thermocouple in the check of the 1st adjustment result and original target temperature is acquired, 
respectively, and it is used as PO. Like the above, the rest is substituted for a formula (20), calculates delta TU, 
delta TCU, delta TCL, and delta TL, and adds them to the target temperature over the cascade thermocouple of 
each heating zone which amended this delta TU, delta TCU, delta TCL, and delta TL by the 1st adjustment 
fiirther. And it controls so that this target temperature and the detection temperature of a cascade thermocouple 
are in agreement, and the resuh of readjustment is checked. Usually, although a good result can be obtained by 
1 - 2 times, and less than at most three adjustments, when still exceeding tolerance, rerunning fi-om acquisition 
of an interference matrix is desirable. 

[0078] The temperature control approach and thermal treatment equipment which were explained above are 
used as the semi-conductor manufacture approach in semiconductor fabrication machines and equipment. For 
example, there is the following about the diffusion process at the time of being applied to dispersion equipment. 

** Pie ROJIE nick hydrogen oxide gas is burned with oxygen gas, generate a steam, introduce the steam into a 
reaction chamber, and oxidize the film deposited on the wafer or the wafer. Processing temperature is 700-1000 
degrees C, and a pressure is processed by ordinary pressure. When an oxidation rate is taken into consideration, 
as suitable processing temperature, it is 800-1000 degrees C. 

** Introduce dry oxidation oxygen gas in a reaction chamber, and oxidize the film deposited on the wafer or the 
wafer. Processing temperature is processed by ordinary pressure at 700-1000 degrees C. When an oxidation rate 
is taken into consideration, as suitable processing temperature, it is 800-1000 degrees C. 
** Introduce in a reaction chamber by making phosphorus diffusion phosphorus trichloride (POC13), oxygen 
gas, and nitrogen gas into carrier gas. Processing temperature is processed by ordinary pressure at 800-1000 
degrees C. 

** Inert gas, such as annealing treatment nitrogen gas, is introduced in a reaction chamber, processing 
temperature is processed at 800-1 100 degrees C, and a pressure is processed by ordinary pressure. 
[0079] In a semiconductor device, above-mentioned process ** and ** are widely used for the mask of the 
insulating separation between components, an electrode or the separation between layers of wiring, the gate 
oxide of MOSFET, the memory cell accumulation-of-electricity part by volume of DRAM, impurity diffusion, 
and an ion implantation, surface passivation, protection, etc. Moreover, it is used for doping to a gate electrode 
and the polish recon film of wiring, a resistor, doping to the contact section, etc. in above-mentioned process **. 
Moreover, it is used for moving the impurity to an impurity layer to the interior of a crystal in above-mentioned 
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process 

[0080] Although the gestalt 1 of gestalt 2. implementation of operation explained the case where correction 
value was calculated before a real process, you may make it calculate direct correction value into a real process. 
By searching for the interference matrix M before a real process, acquiring the error PO of the detection 
temperature of eight wafers with a thermocouple, and target temperature during the substrate processing which 
is a real process, and substituting for a formula (20), the gestalt 2 of operation can calculate the correction value 
of the target temperature over a cascade thermocouple, and can apply and carry out temperature control of this 
calculated correction value to target temperature. 

[0081] With the gestalt 2 of gestalt 3. implementation of operation, in a wafer with a thermocouple, since a 
thermocouple will be exposed during substrate processing, there is a possibility that metal contamination may 
arise. Then, it changes to a wafer with a thermocouple and you may make it insert a profile thermocouple into a 
furnace. Since the profile thermocouple 200 has the structure which has covered the thermocouple with the 
ceramic tubes 201 , such as a quartz tube or SiC, as shown in drawing 3 , it can reduce the metal contamination 
by the thermocouple 204. In a ceramic tube 201, the thermocouple 204 of plurality (8) is enclosed by the 
thermocouple enclosure section 202, and the temperature detecting signal is obtained through wiring 203. Each 
fliermocouple is formed in the location (height location) corresponding to each wafer with a thermocouple 
shown in the gestalt 1 of operation. This profile thermocouple consists of single tubing, and is suitable for 
inserting into the reaction chamber where space is comparatively narrow. In addition, temperature detection in 
much locations is also attained more by preparing two or more these further. 

[0082] When detecting the error of detection temperature and target temperature in gestalt 4. of operation, and a 
real process, as a heater thermocouple (thermocouple for heater control) 300 as shown in drawing 4 The 
correction value of target temperature is calculated, and this calculated correction value is appHed to target 
temperature, and may be made to carry out temperature control by forming eight cascade thermocouples 304, 
acquiring the difference of the detection temperature and target temperature of this cascade thermocouple as an 
error PO, and substituting for a formula (20). In addition, the thermocouple 300 for heater control shown in 
drawing 4 installs the quartz with which the cascade thermocouple 304 was enclosed, or eight ceramic tubes 
301 of SiC side by side in the thermocouple enclosure section 305, incurvates this between a liner tube (12 of 
drawing 1 R> 1), and a coil (13 of drawing 1 ), and enables it to insert them. Since such a cascade thermocouple 
304 is separately enclosed with the ceramic tube 301 , it can prevent interference between cascade thermocouple 
304. In addition, when there is no fear of such interference, you may make it insert two or more thermocouples 
in one ceramic tube. 

[0083] Each gestalt of the operation which explained more than gestalt 5. of operation has the long substrate 
processing time, and even if it carries out some temperature rise and fall at the time of searching for an 
interference matrix, when heat-treating the semiconductor device which trouble does not produce, an 
interference matrix asks during the substrate processing which is a real process, and target temperature may 
make amend in quest of an error and correction value further, alttiough the interference matrix M searches for 
before a real process. 

[0084] Although the gestalt of the operation described more than gestalt 6. of operation explained the vertical 
mold equipment with which a heating zone is divided into a lengthwise direction, the wafer from one sheet to 
several sheets is processed, and this invention can be applied also to the sheet equipment with which a heating 
zone is divided into wafer side inboard. It is the top view in which drawing 5 shows this sheet equipment, (a) 
shows a side elevation and (b) shows two or more zones. In this case, if it changes to the temperature detection 
by tiie wafer with a thermocouple and a radiation thermometer is used, it can measure by non-contact, and it 
becomes easy to prevent metal contamination. The susceptor 4 which lays a wafer (substrate 2) in the heating 
furnace 1 which has coil la which is a processing room being formed, and heating the inside of a heating 
furnace 1 to predetermined temperature, it supplies reactant gas and the sheet equipment shown in drawing^ 
forms a thin film on a substrate 2. The heater 3 which is a source of heating has three zones of **, **, and ** as 
a heating zone, and the heat from each zone is absorbed by the reactant gas which flows from the susceptor 4 
which supports the substrate 2 which mainly has heat capacity, a substrate 2, and a gas pipe 5. 
[0085] As a sensor for control, it is used for each heating zone (******) of every as two radiation thermometers 
(infrared ray radiation thermometer: the 2nd thermometric element) 6A-6F and the object for heater monitors, 
or an object for heater control, and the heater thermocouples 7A-7C corresponding to the cascade thermometer 
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of vertical mold equipment are formed. In the temperature-controller AD translation section 8, the AD 
translation of the thermocouple signal is carried out, and temperature digital data is transmitted to the 
temperature-controller control section 9. Similarly, radiation thermometers 6A-6F also carry out the AD 
translation of the sensor signal, and transmit temperature digital data to the temperature-controller control 
section 9 Using the received temperature digital data, the temperature-controller control section 9 performs 
control operations (PID etc.), and determines a heater power value (0 - 100%). The target temperature used in 
this PID control has composition amended by correction value as stated above. In addition, the thyristor 
controller 410 heats a heater for the electrical signal (0 - 100%) from the thermoregulator control section 9 by 
reception and thyristor ignition. In addition, while the Maine controller 412 is connected through AC power 
supply 41 1, the thermoregulator display control unit 413 is connected to the thermoregulator control section 9. 
Moreover, AC power supply 414 is connected to the radiation thermometer 6 and the thermoregulator control 

section 9. j ♦ 

[0086] The radiation thermometers 6A-6F in the gestalt of this operation are mstalled m coil la, in order to 
measure correctly the temperature of the susceptor 4 as a device under test and to control the temperature of a 
susceptor 4. It can be measured by non-contact that a radiation thermometer is used as a temperature sensor, and 
it is because responsibility is good. Moreover, it is because it becomes impossible to attach this thermocouple in 
a susceptor from that measurement principle, therefore to rotate a susceptor 4 in this case when a radiation 
thermometer is used as a thermocouple. Thus, as for sheet equipment, the number of the heater thermocouple 
(the 1st thermometric element) with which vertical mold equipment and the number of zones differ and 
correspond, and radiation thermometers (the 2nd thermometric element) is also changed suitably. Also in such 
sheet equipment, the temperature homogeneity to the field inboard of a wafer can be raised by applying this 
invention. In addition, in the wafer with a thermocouple explained in vertical mold equipment, it is also possible 
by forming two or more thermocouples in the same wafer side further to raise the temperature homogeneity to 
field inboard also in vertical mold equipment. 

[0087] In the above, although the gestaU of operation of the temperature control approach in the field of a 
processed object by this invention was explained, even if it is not the operator who became skillfiil by 
performing these procedures, soak adjustment in the field of a processed object can be ensured early. Moreover, 
automatic soak adjustment in the field of a processed object which does not need a break in of a skillfiil operator 
can be performed by programming the above procedure by computer and including in a temperature controller 
etc. as software. For example, a setup of the target temperature over the cascade thermocouple which bnngs 
about a result as shown by drawing 9 by above-mentioned computerization becomes possible automatically. In 
addition, in the above-mentioned example, although eight wafers with a thermocouple were used, a larger field 
can also be adjusted to a uniform temperature requirement in a finer unit by using the same means using a 
thermocouple with the approach of using much more wafers with a thermocouple, and the device which moves 
the side of a topmost part wafer to a bottom wafer up and down. Moreover, although the above example 
explained the case where a cascade thermocouple was used for control, in the case of the structure where a 
cascade thermocouple cannot always be installed, a heater thermocouple can be used instead, and it can also 
adjust to it similarly. Moreover, it is also possible to use a radiation thermometer instead of a wafer with a 
ttiermocouple. 

[0088] ... , , 

[Effect of the Invention] As explained above, even if according to this invention it is possible to set up 
automatically the amended target temperature over two or more fields which actually perform temperature 
control using a computer and there is not a skilled operator, the optimal heat treatment for a short time and 
accviracy can be performed. 
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* NOTICES * 

iTPO and NCIPZ are not responsible £or axty 
damages caused by tbe use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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* NOTICES ♦ 

JPO and MCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CORRECTION OR AMENDMENT 

[Kind of official gazette] Correction of a open patent official report 
[Section partition] The 3rd partition of the 6th section 
[Publication date] October 4, Heisei 14 (2002. 10.4) 

[Publication No.] Provisional publication of a patent 2002-175123 (P2002-175123A) 
[Date of Publication] June 21, Heisei 14 (2002. 6.21) 
[Annual volume number] Open patent official report 14-1752 
[AppHcation number] Application for patent 2001-272218 (P200 1-2722 18) 
[Correction summary] It corrects per classification incorrect ** as follows. 
[Accoxmt] 

[The 7th edition of International Patent Classification] 
[**] 

G05D 23/1 9 G 
HOIL 21/22 501 N 
511 Q 
21/324 T 
[Forward] 
G05D 23/22 A 
HOIL 21/22 501 N 
511 Q 
21/324 T 
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